Randomized trials of rituximab in primary membranous nephropathy (PMN) have not been conducted. We undertook a multicenter, randomized, controlled trial at 31 French hospitals (NCT01508468). Patients with biopsy-proven PMN and nephrotic syndrome after 6 months of nonimmunosuppressive antiproteinuric treatment (NIAT) were randomly assigned to 6-month therapy with NIAT and 375 mg/m 2 intravenous rituximab on days 1 and 8 (n=37) or NIAT alone (n=38). Median times to last follow-up were 17.0 (interquartile range, 12.5-24.0) months and 17.0 (interquartile range, 13.0-23.0) months in NIAT-rituximab and NIAT groups, respectively. Primary outcome was a combined end point of complete or partial remission of proteinuria at 6 months. At month 6, 13 (35.1%; 95% confidence interval [95% CI], 19.7 to 50.5) patients in the NIAT-rituximab group and eight (21.1%; 95% CI, 8.1 to 34.0) patients in the NIAT group achieved remission (P=0.21). Rates of antiphospholipase A2 receptor antibody (anti-PLA2R-Ab) depletion in NIAT-rituximab and NIAT groups were 14 of 25 (56%) and one of 23 (4.3%) patients at month 3 (P,0.001) and 13 of 26 (50%) and three of 25 (12%) patients at month 6 (P=0.004), respectively. Eight serious adverse events occurred in each group. During the observational phase, remission rates before change of assigned treatment were 24 of 37 (64.9%) and 13 of 38 (34.2%) patients in NIAT-rituximab and NIAT groups, respectively (P,0.01). Positive effect of rituximab on proteinuria remission occurred after 6 months. These data suggest that PLA2R-Ab levels are early markers of rituximab effect and that addition of rituximab to NIAT does not affect safety.
antibodies in about 70% of PMN, which confirmed that the disease was autoimmune in nature. 2 The optimal treatment of patients with PMN is still a matter of debate 3, 4 ; 30%-40% of affected patients will undergo spontaneous, usually partial remission usually within 1 year from disease onset, whereas about one third will progress to ESRD. 5, 6 Treatments with corticosteroids and alkylating agents significantly increase the rates of remission and slow renal function loss in patients with persistent nephrotic syndrome. [7] [8] [9] [10] [11] Calcineurin inhibitors induce remission in a majority of patients, but relapse rates exceed 50%; also, renal toxicity is a concern. 10, [12] [13] [14] The latest Kidney Disease Improving Global Outcomes (KDIGO) guidelines restricted the indication of alkylating agents to patients at high risk of progression and considered calcineurin inhibitors as an alternative therapy. 15 In patients with even more restricted indications of alkylating agents, the rate of serious adverse events (SAEs), particularly malignancy, was higher in patients who received longterm immunosuppression than in those with supportive therapy. 16 Both the evidence that B cells play a key role in the pathogenesis of PMN and drug toxicity led to target B cells with rituximab. 17 Rituximab induced remission of nephrotic syndrome in 60%-80% of the patients with long-lasting proteinuria, despite blockade of the renin-angiotensin system, [18] [19] [20] [21] and in patients who had previously failed other treatments. Reduction of PLA2R-Ab titer preceded remission of proteinuria by several months, which suggested a causal relationship. 22, 23 A previous study showed that a B cell-driven approach with only one or two infusions of rituximab of 375 mg/m 2 per week could allow reducing cost in comparison with the standard four weekly infusions. 24 Because of the lack of randomized, controlled trials (RCTs) using rituximab and the high rate of spontaneous remission, this trial was designed to evaluate the efficacy of rituximab given to all patients at a standard dose (375 mg/m 2 ) in two infusions added to supportive therapy compared with supportive therapy alone in patients with persistent nephrotic syndrome.
RESULTS
Between January 17, 2012, and July 3, 2014, 80 patients were enrolled in the RCT phase ( Figure 1 ). Three patients withdrew their consent before randomization. Thirty-nine patients were assigned to the nonimmunosuppressive antiproteinuric treatment (NIAT)rituximab group, and 38 patients were assigned to the NIAT only group. Thirty-seven patients in the NIAT-rituximab group and 38 in the NIAT group received the assigned treatment. Baseline characteristics in the two groups were similar (Table 1) .
Primary End Point
The 6-month trial failed to achieve the primary end point. Thirteen patients (35.1%; 95% confidence interval [95% CI], Figure 1 . Flow chart of the trial. The flow chart shows that premature discontinuation occurred in five patients within 3 months after inclusion: (1) two remissions at day 1 or inclusion; (2) one in NIAT for ,6 months; (3) one lost to follow-up and one diagnosed with a pulmonary neoplasia; and (4) three treatment shifts between 3 and 6 months: two received rituximab or steroids because of deterioration of clinical condition and one was referred to another center. 19 .7% to 50.5%) in the NIAT-rituximab group and eight patients (21.1%; 95% CI, 8.1% to 34.0%) in the NIAT group achieved proteinuria remission at month 6 after randomization (P=0.21; odds ratio [OR], 2.0; 95% CI, 0.7 to 5.7) ( Table  2) . Results were not sensitive to missing data replacement.
Secondary End Points
Protein-to-creatinine ratio decreased similarly in both groups at months 3 and 6 ( Figure 2A , Table 2 ). Percentage increase of serum albumin was significantly higher at months 3 and 6 in the NIAT-rituximab group ( Figure 2B ). Serum creatinine and eGFR by Modification of Diet in Renal Disease (MDRD) formula (Table 2) , serum triglycerides, total and LDL cholesterol, body weight, and need for diuretic therapy did not differ at months 3 and 6 between the two groups (Supplemental Table 1 ).
PLA2R-Ab was detected in 27 (73%) and 28 (74%) patients at baseline in the NIAT-rituximab and the NIAT groups, respectively ( Table 1 ). As early as month 3, rates of PLA2R-Ab-positive patients (31% versus 83%; P,0.001) and PLA2R-Ab titers (0.0; interquartile range [IQR], 0.0-49.1 RU/ml versus 54.6; IQR, 16.5-278.4 RU/ml; P,0.001) were lower in the NIAT-rituximab group than in the NIAT alone, respectively ( Table 2) . No further decrease in the rate of PLA2R-Abpositive patients was observed between months 3 and 6, and the difference between PLA2R-Ab titer at months 3 and 6 was 0.0 (IQR, 0.0-19.8) in the NIAT-rituximab group. No change in the rates of PLA2R-Ab-positive patients and PLA2R-Ab titers occurred between baseline, and months 3 and 6 in the NIAT group (Table 2 ).
In the subgroup of patients who were initially positive for PLA2R-Ab, significant decreases of the titers of PLA2R-Ab were observed at month 3 (0.0; IQR, 0.0-60.5 RU/ml; P,0.001) and month 6 (8.3; IQR, 0.0-73.5 RU/ml; P,0.001) compared with baseline (102.5; IQR, 36.1-672.5 RU/ml) in the NIATrituximab group and only at month 6 (62.9; IQR, 16.6-49.3 RU/ml versus 199.5; IQR, 24.2-491.4 RU/ml at baseline; P=0.02) in the NIAT alone group. Percentage decrease of PLA2R-Ab titer was significantly higher in the NIATrituximab group at months 3 and 6 ( Figure 2C ).
Complete immunologic remission (full PLA2R-Ab depletion) was observed in the NIAT-rituximab group in 14 of 25 (56%) and 13 of 26 (50%) patients at months 3 and 6, respectively, compared with one of 23 (4%; P,0.001) and three of 25 (12%; P=0.004) patients, respectively, in the NIAT group (Table 2) . Of the 14 rituximab-treated patients that were antibody depleted at month 3, six (43%) patients subsequently achieved the primary end point compared with only two of 11 patients (18%) without antibody depletion. PLA2R-Ab level ,275 RU/ml at baseline was associated with the primary end point (OR, 4.3; 95% CI, 1.1 to 17.3; P=0.04), and this was independent from treatment group, age, sex, baseline proteinuria, serum albumin, and creatinine (Supplemental Table 2 ).
PLA2R-Ab was also measured at a very early time point (day 8). Rates of PLA2R-Ab positivity and PLA2R-Ab titer in the whole population and PLA2R-Ab titer in the subset of patients who were positive at baseline were similar in both treatment groups ( Table 2) . Among the eight patients of the NIATrituximab group who were PLA2R positive at baseline and achieved remission at 6 months, two were antibody depleted at day 8, and two had marked reductions (78% and 42%) of antibody titer. Twenty patients had undetectable PLA2R-Ab at baseline (10 in the NIAT-rituximab group and 10 in the NIAT group). However, three patients in the NIAT group later developed PLA2R-Ab and were considered as having PLA2R-related PMN. At baseline, no statistical difference in age, protein-tocreatinine ratio, serum albumin, and eGFR was seen according to presence (n=55 patients) or absence (n=20) of PLA2R-Ab. The effect of rituximab on proteinuria remission did not differ according to the serologic status at baseline. Two PLA2R-Abnegative patients were positive for antithrombospondin domain 7A antibody (anti-THSD7A-Ab). The first patient (1/100 dilution at baseline) received NIAT-rituximab and achieved remission at month 6, with sustained antibody depletion from month 3. The second patient was treated with NIAT alone and achieved partial remission at month 6 but relapsed at 1 year. In this patient, THSD7A-Ab remained detectable at low level (1/10) at any time. CD19+ B cells remained below normal range (100-500/mm 3 ) throughout the observation period in the NIAT-rituximab group. Median CD19+ B cell count was 11/mm 3 (IQR, 2.0-22.0) at month 3 and 61/mm 3 (IQR, 34.0-100) at month 6 ( Table 2) . Among PLA2R-Ab-positive patients at baseline, there was no difference in CD19 count between patients who were PLA2R-Ab depleted and those who were not at month 3 (P=0.76; n=23 patients) and month 6 (P=0.89; n=24 patients).
Post Hoc Composite End Point
In a post hoc analysis that includes reduction of proteinuria .50% and increase of serum albumin level .30% at month 6, 15 (41%) patients in the NIAT-rituximab group and five (13%) patients in the NIAT group achieved the composite end point at month 6 after randomization (OR, 0.22; 95% CI, 0.07 to 0.70; P,0.01) ( Table 2) .
Post-RCT Observational Period
Median duration from inclusion to last follow-up was 17.0 (IQR, 12.5-24.0) months and 17.0 (IQR, 13.0-23.0) months in the NIAT-rituximab and the NIAT groups, respectively. The rates of KDIGO remission occurring without modification of initial immunosuppressive treatment (NIAT-rituximab) or introduction of an immunosuppressive treatment (NIAT) were 24 of 37 (64.9%) and 13 of 38 (34.2%) in the NIATrituximab and the NIAT groups, respectively (OR, 3.5; 95% CI, 1.7 to 9.2; P,0.01) ( Table 3 ). Numbers of complete remission were seven of 37 and one of 38 in the NIAT-rituximab and the NIAT groups, respectively (P=0.03). Median times to remission were 7.0 (IQR, 5.5-10.5) months (n=24) and 7.0 Serum creatinine and eGFR by MDRD formula did not differ between the two groups ( Table 3 ). In multivariate analyses, KDIGO remission was associated with PLA2R-Ab level ,275 RU/ml at baseline (OR, 3.5; 95% CI, 1.1 to 10.7; P=0.03), and this was independent from treatment group, age, sex, baseline proteinuria, serum albumin, and creatinine (Supplemental Table 3 ). KDIGO remission was also associated with composite end point at month 6 (OR, 30.1; 95% CI, 3.9 to 262.8; P=0.001), regardless of treatment group. In the NIATrituximab group, CD19 counts at months 3 and 6 were not associated with remission.
SAEs
Number of SAEs was comparable in both groups (Table 4 ).
Only one SAE was related to NIAT-rituximab treatment in a patient who developed prostatitis with favorable outcome. In the rituximab group, no leukopenia was observed. Patients received a premedication protocol of 100 mg solumedrol, 1 g paracetamol, and 5 mg dexchlorpheniramine; no allergic reactions were observed.
DISCUSSION
In this randomized study, we analyzed the effect of rituximab combined with NIAT in patients with PMN and severe nephrotic syndrome who had resisted maximally tolerated antiproteinuric therapy. The RCTshowed that, compared with NIAT alone, addition of two infusions of rituximab to NIAT decreased PLA2R-Ab as early as month 3 and was associated with a higher percentage increase of serum albumin at months 3 and 6. However, the effect of this combined treatment on the rate of proteinuria remission (primary end point) was not observed during the RCT but was delayed to the post-RCT observational period (median time to remission of 7 months). The trial, thus, provides new biomarkers of early treatment response.
We compared NIAT-rituximab with NIAT alone, because there was no evidence-based proof of the efficacy of rituximab in PMN, although several nonrandomized studies suggested that rituximab was efficient [18] [19] [20] [21] ; the possibility of bias linked to a high rate of late spontaneous remissions as confirmed in this study called for a randomized trial. With this aim in mind, an ideal trial would have been a prolonged trial for .1 year. However, we considered it unethical to maintain the patients on NIAT for .6 months. Because no major complication occurred in the NIAT group, the risk taken was acceptable; however, after 6 months, PLA2R-Ab-positive patients had a markedly higher antibody titer in the NIAT group than in the NIAT-rituximab group, and it is uncertain whether a delay by 1 year in the NIAT group would affect any future response to immunosuppressive agents or rituximab therapy. Alternatively, we could have set the end point at 12 months with prespecified measures in the most aggressive forms for the patients in the NIAT group. However, this protocol would have assessed a global treatment strategy (NIATwith or without retreatment and NIAT with rituximab with or without retreatment) and not only the efficacy of rituximab added to supportive therapy. We, therefore, opted for a pragmatic approach, with a 6-month period of RCT followed by an observational phase.
This RCT failed to reach the primary end point. The lack of effect of NIAT-rituximab on the rate of proteinuria remission at 6 months has several explanations: (1) the high rate of remission (21%) in the NIAT group; (2) the lower rate of remission (35%) in the NIATrituximab group than we expected, because sample size was calculated from initial studies on rituximab, 17, 18, 25 which probably overestimated the rate of remission in the NIATrituximab group and led to a lack of power; (3) the short duration of the RCT phase; and (4) the fact that proteinuria is a delayed marker of treatment effect. 20, 21, 23 However, we did observe an effect of rituximab on serum albumin variation from baseline (increase) and PLA2R-Ab levels as early as month 3, which was confirmed at month 6. The increase from baseline of serum albumin contrasting with persisting high-level proteinuria at month 6 in the NIATrituximab group might be related to decreased tubular reabsorption of albumin when serum albumin increases 26 and/or increased albumin anabolic rate in the liver resulting in increasing protein load to the glomerulus, which would offset the improving glomerular sieving function. 27 We, thus, Data are shown as n (%; 95% CI) or median (IQR). Data were recorded before any potential modification of treatment assigned at randomization (modification of initial immunosuppressive treatment in the NIAT-rituximab group or addition of any immunosuppressive treatment in the NIAT group). a Complete and partial remissions were defined according to 2012 KDIGO criteria on the basis of proteinuria. considered a post hoc composite end point with the aim to define early clinical criteria of response to rituximab, and it was a reduction of proteinuria .50% and an increase of serum albumin level .30% at month 6. A significantly higher number of patients treated with NIAT-rituximab compared with NIATreached this composite end point at month 6. Moreover, remission defined on composite end point at month 6 was associated with proteinuria remission occurring at any time before any change of initially assigned treatment. This composite end point might, therefore, better reflect early renal outcome, although it should be validated in additional studies. We continued to follow the patients during a post-RCT observational phase. The suspected beneficial clinical effect of rituximab at month 6 was confirmed by the data of the observational phase, which were recorded before any potential modification of treatment assigned at randomization. Proteinuria remission rate was substantially higher in the NIATrituximab group than in the NIAT alone group (64.9% versus 37.5%), with proteinuria dropping to a much lower level in the NIAT-rituximab group. In the patients treated with NIATrituximab, proteinuria remission rate and median time to remission (7 months) during the follow-up study were similar to those reported in previous nonrandomized series. 20, 21 Remission rate was comparable with the one achieved with the Ponticelli protocol in the same time frame (50% at 6 months 8 and 32% within 1 year 9 ) considering that, in those studies, patients were enrolled without a run-in period. It was lower than in patients treated with cyclosporin 13 and tacrolimus 14 who had remission rates of 75% after 26 weeks and 58% after 6 months, respectively; however, baseline serum albumin was higher by .0.5 g/dl than in our study, and these drugs are known to have an effect on glomerular hemodynamics, with a high risk of relapse at discontinuation, and be associated with a clinically relevant nephrotoxicity. The ongoing Membranous Nephropathy Trial of Rituximab (ClinicalTrials.gov no. NCT01180036) will hopefully show whether rituximab is superior to cyclosporin in terms of proteinuria remission over a 24-month period. The high rate of spontaneous remission that may occur .1 year after disease onset in our study and the relatively low rate of remission with NIAT-rituximab, as with other immunosuppressive treatments, indicate that we have not yet reached an optimal treatment in patients with persisting nephrotic syndrome. It is difficult to extrapolate what would be the remission rate with rituximab only, because all patients with persisting nephrotic syndrome are treated with NIAT according to the KDIGO recommendations.
This trial has several strengths. First, it is the first RCT in patients with PMN with monitoring of PLA2R-Ab, detected in 71% of the patients as in previous studies, 28 and THSD7A-Ab. 29 Rituximab associated with NIAT reduced median PLA2R-Ab titer as early as month 3 and induced complete immunologic remission in 56% and 50% of the patients at months 3 and 6, respectively. Multivariate analyses showed that PLA2R-Ab,275 RU/ml at baseline was the only factor associated with remission occurring at month 6 (primary end point) and during the post-RCT observational phase without modification of treatment assigned at randomization, regardless of treatment group and other adjustment variables. Our results also suggest that THSD7A-Ab may be useful for the monitoring of patients with MN. However, our univariate and multivariate analyses failed to identify classic predictors of long-term outcome and proteinuria remission, such as proteinuria, serum creatinine, eGFR, serum albumin, age, and sex. A possible reason is that we studied a relatively homogeneous population after a 6-month run-in period of maximally tolerated conservative therapy. This discrepant observation gives even more importance to PLA2R-Ab as a predictor of proteinuria remission in agreement with the autoimmune nature of the disease. The finding that PLA2R-Ab positivity and titer tended to decrease as early as 8 days in the NIATrituximab group was somewhat unexpected given that the half-life of Igs is about 3 weeks, but it confirmed previous observations by Hoxha et al. 30 This suggests that PLA2R-Ab might be a very early biomarker of rituximab efficacy, although this has to be confirmed in additional prospective studies.
Second, this trial shows that B cell counts in rituximabtreated subjects do not predict proteinuria remission and confirms that PLA2R-Ab depletion rather than CD20+ depletion achieved in all patients matters for prediction of rituximab response. 23 It does not tell us, however, whether the absence of immunologic remission at 3 months is because of lack of efficacy of rituximab or insufficient dosage or whether patients without antibody depletion at 6 months should be reinfused or shifted to a new generation anti-CD20 antibody or another immunosuppressant.
Third, we made the important observation that two infusions of rituximab were not associated with an increased risk of SAEs, which differs from all of the other current immunosuppressive therapies for PMN.
This trial has certain limitations. First, 11 patients among the 24 patients who entered remission in the NIAT-rituximab group reached the primary end point during the post-RCT observational study compared with only four in the NIAT group. However, the observational nature of the data does not provide similar strength of evidence as those provided by the randomized period. Second, one cannot exclude that some patients without circulating PLA2R-Ab at treatment onset had PLA2R-related PMN. This question could be addressed by analysis of kidney biopsies, 31 which was not possible in this multicentric trial. Third, the trial was not blinded. However, data assessors were blinded to treatment allocation, and SAEs were monitored by an independent organization. Fourth, the trial was too short to determine whether the relapse rate was influenced by immunosuppressive treatment. Most of the remissions were partial. Because relapses of nephrotic syndrome and disease progression are more frequent in patients with partial remission, long-term studies with rituximab are advocated.
In conclusion, this trial shows that serum albumin and PLA2R-Ab levels are early markers of NIAT-rituximab efficacy, whereas the effect on proteinuria remission appears after 6 months. Addition of rituximab to NIAT has no effect on safety. This first RCT is another step toward the use of rituximab as first-line therapy in severe forms of PMN. It also suggests that criteria for definition of remission should include serum albumin and PLA2R-Ab levels, particularly in trials where rapid responses on drug efficacy and surrogate criteria are needed.
CONCISE METHODS

Study Design
Patients were enrolled at 31 hospital nephrology units throughout France in this multicenter, open-labeled RCT. After a run-in period of 6 months, during which time patients were treated with the maximal tolerated dose of NIAT (angiotensin-converting enzyme inhibitors and/or angiotensin 2 receptor blockers, diuretics, and statin), patients were randomly assigned to 6-month therapy with NIAT plus rituximab or NIAT alone (Figure 3 ). The goal of the NIAT group was to determine the percentage of nonimmunosuppressant-induced remissions, which was known to be high during the first 12 months. 6 We deliberately opted for a short trial of 6 months to avoid any loss of a chance of patients receiving an immunosuppressive treatment in patients who only received a supportive treatment. After the end of the randomized phase, patients were followed #24 months during a post-RCT observational phase. The study was approved by an institutional review board in Paris, France (Comité de Protection des Personnes Ile-de-France XI).
Patients
Eligible patients were 18 years of age or older, had a biopsy-proven diagnosis established ,2 years before inclusion, had a urinary protein excretion $3.5 g/d or a urinary protein-to-creatinine ratio $3500 mg/g, and had a serum albumin ,30 g/L for at least 6 months, despite maximal tolerated dose of NIAT (angiotensin-converting enzyme inhibitors and/or angiotensin 2 receptor blockers, diuretics, and statin). Proteinuria was measured repeatedly before inclusion and treatment assignment to confirm persistence of full-blown nephrotic syndrome. The eGFR by MDRD formula had to be .45 ml/min per 1.73 m 2 . Exclusion criteria were secondary MN, pregnancy, breastfeeding, immunosuppressive treatment in the 3 preceding months, and active infectious disease. Hepatitis B serology included Hbs antigen and Hbs and Hbc antibodies. Patients with active hepatitis B and those with past hepatitis B infection without anti-Hbs antibodies were excluded. Four patients had previously received chemotherapy according to the Ponticelli protocol: one in the NIATrituximab group had chemotherapy completed 13 months before inclusion, and three in the NIAT group had chemotherapy completed 8 months, 2.5 years, and 6 years before inclusion. After 12 months, we deleted the time limit for the kidney biopsy, and we decreased the eGFR threshold down to 30 ml/min per 1.73 m 2 to improve recruitment. Sixty-nine patients had a renal biopsy taken ,2 years before inclusion. In the five remaining patients, the renal biopsies were taken 25, 26, 28, 41 , and 78 months before inclusion. Seven patients had eGFR#45 and .30 ml/min per 1.73 m 2 . All patients gave written informed consent.
Procedures and Follow-Up
Patients received NIAT in association with 375 mg/m 2 intravenous rituximab on days 1 and 8 after randomization or NIATalone ( Figure  3 ). We selected this dosing schedule on the basis of previous reports of rituximab's ability to induce proteinuria remission and CD19 depletion. 18, 24 At the end of the 6-month randomized phase, referring physicians were free to reinfuse rituximab or shift immunosuppressant in patients of the NIAT-rituximab group or introduce an immunosuppressant in patients of NIAT group, and patients were followed #24 months during an observational period. The same antiproteinuric drugs were allowed before and after randomization.
Study visits occurred at baseline, weeks 1 and 2, and months 3 and 6 during the RCT. At each study visit, clinical data and medications were recorded. Blood and urine samples were collected at baseline and months 3 and 6 for serum creatinine, serum albumin, and proteinuria-to-creatinine ratio or proteinuria excretion per day. PLA2R-Ab was measured at baseline, day 8, and months 3 and 6. CD19+ B lymphocyte counts were measured at months 3 and 6 in the NIAT-rituximab group.
During the post-RCT observational phase, visits occurred according to the habits of the clinician in charge. Proteinuria, serum albumin, serum creatinine, and immunosuppressive treatment modifications were collected.
Data were collected in each of the 31 hospital nephrology units in a paper case report form and entered in a database located at Unité de Recherche Clinique-Centre de Recherche Clinique de l'Est Parisien, an external and independent organization. Figure 3 . Study design. After a pre-inclusion period of 6 months during which NIAT was optimized, patients were assigned either to NIAT plus Rituximab (375 mg/m 2 , two infusions at days 1 and 8) or to NIAT alone. Serum for anti-PLA2R-Ab determination was sampled at days 0 and 8, months 3 and 6, CD19 counts were determined at months 3 and 6; end points were assessed at month 6. The RCT was followed by an observational study during which follow-up was extended up to 24 months. IV, intravenous; R, rituximab.
Outcomes
The primary end point was the percentage of patients with complete or partial remission of nephrotic syndrome at 6 months of follow-up. Remission was defined according to 2012 KDIGO guidelines 15 as (1) complete in the case of urinary protein excretion ,500 mg/d or ,500 mg/g creatinine and (2) partial in the case of urinary protein excretion ,3.5 g/d or ,3500 mg/g creatinine and $500 mg/g creatinine with $50% reduction compared with baseline. Secondary end points were rate of proteinuria, serum albumin, serum creatinine, PLA2R-Ab levels, and SAEs. PLA2R-Ab was measured by using a quantitative ELISA (EuroImmune AG, Lubeck, Germany); THSD7A-Abs were assessed by an immunofluorescence test (EuroImmune AG). Antibody depletion was defined as complete disappearance of antibodies in PLA2R-Ab-positive patients. Because albumin level may be an earlier marker of response than end points defined by proteinuria only, 23, 27 we also considered a post hoc composite end point defined as reduction of proteinuria .50% and increase of serum albumin level .30% at month 6 of follow-up.
Adverse events and unexpected changes in clinical or laboratory parameters were reported in patient case report forms and monitored up to complete resolution. All SAEs were monitored by Unité de Recherche Clinique-Centre de Recherche Clinique de l'Est Parisien and reported to the sponsor.
During the observational phase, remission defined according to the KDIGO and other variables were recorded before potential modification of treatment assigned at randomization (i.e., before any amendment of initial immunosuppressive treatment in the NIATrituximab group or addition of an immunosuppressive treatment in the NIAT group). Follow-up was too short to record relapses.
Statistical Analyses
On the basis of previous studies, 17, 18, 25 rituximab was effective in decreasing proteinuria as early as 3 months 21, 30 and achieving remission at 20 weeks 17 to 1 year 18,25 in 60%-80% of patients with PMN and nephrotic syndrome persisting after 6 months of supportive therapy. The trial was designed to establish whether rituximab was superior in terms of efficacy as assessed by the number of remissions. Assuming a remission rate of 20% in the NIAT group, the inclusion of 80 patients would provide 80% power at two-sided a of 0.05 to detect a 30% absolute increase in the remission rate (50%) under the assumption of 10% exclusion or dropout rates (Fisher exact test).
Baseline characteristics of the study population were expressed as frequencies and percentages for qualitative variables and medians and IQRs for continuous variables. Remission rates were expressed as frequencies or percentages and their 95% CIs. All PLA2R-Ab titers not achieving the 14-RU/ml detection threshold of the method were spiked at zero. PLA2R-Ab titer was considered as a continuous variable, a binary variable (absence/presence), or at baseline only, a categorical variable according to tertiles (,22.5 RU/ml, lowest; 22.5-275.5 RU/ml, middle; $275.5 RU/ml, highest). Because at univariate analysis, tertiles 1 and 2 did not show any statistically significant difference, a binary variable was created (highest versus middle/lowest). Quantitative variables were compared by a t test or a Wilcoxon rank sum test, and categorical variables were compared by a Pearson chisquared test or a Fisher exact test.
Sensitivity analyses were performed to check the effect of replacement methods of missing values with missing data considered as (1) success (remission) in the NIAT group and failure (no remission) in the NIAT-rituximab group and (2) failure in the NIAT group and success in the NIAT-rituximab group. Additional analyses were performed with missing data being replaced by last available data (proteinuria at 3 months) and available data under the hypothesis of data missing completely at random.
Additional logistic regression analyses were performed to identify potential prognostic factors of remission. The following variables of interest were analyzed in univariate and multivariate analyses: treatment, age, sex, proteinuria, serum creatinine, serum albumin at baseline, and presence of PLA2R-Ab at baseline. In other exploratory analyses, mean percentage changes from baseline of proteinuria, serum albumin, and PLA2R-Ab levels at months 3 and 6 were plotted and compared using a Wilcoxon matched pair signed rank test.
Statistical analyses were performed blinded to treatment allocation on the basis of intention to treat and included all patients who received at least one dose of treatment and did not withdrawal consent. Safety population was defined as patients who received at least one dose of treatment.
All tests were two sided, and P values ,0.05 were considered to indicate statistical significance, except when Bonferroni correction was applied and mentioned. SAS V.9.3 software (SAS Institute Inc., Cary, NC) was used for statistical analyses.
Findings from the trial are described in accordance with Consolidated Standards of Reporting Trials guidelines (www.consort-statement. org). The trial was registered as the Evaluate Rituximab Treatment for Idiopathic Membranous Nephropathy Study (Clinical Trials.gov no. NCT01508468).
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